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(54) laminated heat exchanger 

(57) A plurality of tube elements (4.5,6,7,7',8.9). 
each of whicti is provided with a pair of tanks on one side 
with these tanks communicating via a heal exchanging 
medium passage, are laminated. An intake/outlet tank 
group (100) with intake/outlet portions (40a.40b) is 
divided into three tank sub groups wrhile a non intake/out- 
let tank group (200) is not partitioned, constituting a sin- 
gle Unk group. The Intake/outlet portion (40a.40b) on the 
intake side is directly connected with the tank sub group 
at one end in the intake/outlet tank group (100) and at 
the same time, it communicates with the tank sub group 
at the other end via a relay pipe (60). Consequently, the 
coolant that has flowed in through the intake/outlet por- 
tion (40a) is induced to the non intake/outlet tank group 
(200) from the tank sub group at one end via a heat 
exchanging medium passage and it is also induced to 
the non intake/outlet tank group (200) from the tank sub 
group at the other end via the heat exchanging medium 
passage before the two flows are joined at the center. 
Then, the coolant reaches the tank sub group at the 
center In the intake/outlet tank group (100) by travelling 
through the heat exchanging medium passage again to 
flow out through the intake/outlet portion (40b) on the 
output ade. By improving the distribution of the heat 
exchanging medium, the performance of the heat 
exchanger is enhanced. 



FIG,2 




CO 
CO 



PnntAd oy Ranic Xarm (UK) Busin«fla S*ivio»s 
2 9 9/3 4 



07/02/2001 10:26:07 Seite -1- 



1 



EP 0 698 773 A1 



2 



Description 

The present invention relates to a laminated heat 
exchanger used, for instance, as a heater core, or and 
evaporator in an air conditioning system for vehicles. 

Well known laminated heat exchangers in the prior 
art include, for instance, the one shown in FiQ. 1 of Jap- 
anese Unexamined Patent Publication No. S63-267868. 

To outline this laminated heat exchanger, an intake 
piping unit 2A and an outlet piping unit 2B project out 
adjacent to each other approximately at the center of the 
front surface in the direction of airflow. The intake piping 
unit 2A and the outlet piping unit 2B are each formed by 
bonding formed plates abutted facing each other so that 
they are internally provided with a first space 40 and a 
second space 50 and a first space 61 and a second 
space 71 respectively. 

Between the intake piping unit 2A and the outlet pip- 
ing unit 2B. a central tube unit 9 is provided in such a 
manner that It is clamped between the two units. The 
central tube unit 9 is provided with a first space 48 and 
a second space 58. 

The first space 48 of the central tube element 9 and 
the first space 61 of the outlet piping unit 2B are cut off 
from each other so that the first space 48 of the intake 
piping unit 2A and the first space 61 of the outlet piping 
unit 2B are not in communication. Furthermore, adjacent 
tanks communicate via holes 704. 705. 904 and 905. 
which are farmed in the direction of the lamination. 

With this, the tanks in this laminated heat exchanger 
are divided into an intake tank group 200, a central tank 
group 20 1 and an outl et tank group 202. to effect the flow 
of heat exchanging medium described below. 

First, after the heat exchanging medium flows into 
the intake piping unit 2A to the first space 40. it travels 
into the intake tank group 200. The heat exchanging 
medium in the intake tank group 200 then travels through 
the first tube group 401 along its U-shaped flow path to 
flow into the left half of the central tank group 201 . 

Then, the heat exchanging medium that has flowed 
into the left half of the central tank group 201 flows into 
the right half of the centra! tank group 201 via the second 
spaces 50 and 71 of the intake piping unit 2A and the 
outlet piping unit 28 respectively. 

The heal exchanging medium, which has thus 
flowed into the right half of the central tank group 201. 
flews through the second tube group 402 along its U- 
shaped flow path. Then it flows Into the outlet tank group 
202. After that, it flows to the left and flows out from the 
outlet piping unit 28. 

However, in a laminated heat exchanger provided 
with tank groups that effect the flow of heat exchanging 



tube units, reducing the performance of the laminated 
heat exchanger. 

The object of the present invention is to provide a 
laminated heat exchanger with enhanced performarwe . 

5 which can be achieved by creatirig new flow paths for the 
heat exchanging medium to improve the distribution of 
the heat exchanging medium by addressing the prot)lem 
described above. 

Accordingly, the laminated heat exchanger accord- 

10 ing to the present invention is constituted by laminating 
tube elements, each of which is formed by fitting together 
a pair of formed plates, with a pair of tanks at one end 
and a heat exchanging medium passage that communi- 
cates between the pair of tanks, alternatelywith fins over 

IS a plurality of levels, with the pairs of tanks formed, by 
laminatfon. to constitute separate tank grotjps, i.e.. an 
intake / outlet tank group and a non intake / outlet tank 
group. The intake / outlet tank group is further divided 
into three tank, sub groups by two non communicating 

20 portions while the non intake / outlet tank group consti- 
tutes one tank group which is in communication through- 
out with no partitions. One intake / outlet portion is 
provided in one of the tank sub groups that is at one end 
of the intake / outlet tank group and is connected to the 

25 tank sub group at the other end via a means for relay. 
The other intake / outlet portion is provided in the tank 
sub group which is in the center of the intake / outlet tank 
group. 

In the laminated heat exchanger structured as 

30 described above, heat exchanging medium flows into the 
tank sub groups at both ends in the Intake / outlet tank 
group from the one intake / outlet portion, then travels 
upwards from the intake / outlet tank sub groups at both 
ends through heat exchanging medium passage groups 

3e at both ends. It then travels downward through the heat 
exchanging medium passage groups and the two flow 
paths of the heat exchanging medium are joined at the 
non intake / outlet tank group to travel upward from the 
center of the non Intake / outlet tank group through the 

40 heat exchanging medium passage group. It then travels 
downward through the heat exchanging medium pas- 
sage group to reach the central tank sub group of the 
intake / outlet tank group and flows out through the other 
intake / outlet portion. 

45 Another example of the laminated heat exchanger 
according to the present invention is constituted by lam- 
inating tube elements, each of which is formed by fitting 
together two formed plates, with a pair of tanks at one 
end and a heat exchanging medium passage that com- 

so municates between the pair of tanks, alternately with fins 
over a plurality of levels, with the pairs of tanks formed, 
by lamination, to constitute separate tank groups. I.e., an 




This causes inconsistency in the distribution of heat 
exchanging medium flowing in the laminated heat 
exchanger, which, in turn, results in poor temperature 
distrtdution of the heat exchanging medium flowing in th 



portions while the non intake / outlet tank group is further 
divided into two tank sub groups by one non communi- 
cating portion provided in the tube element located 
between the two non communicating portions. One 
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intake / outlet portion is provided in one of the tank sdb 
gt^ps that is at on e end of the intake / outlet ^ankg^^MP 
1^ te connected to the tank group at the other end vui - 
!^meansforrelay.Theotherimake/outl«porton«pra^ 
^ed in the tank sub group which is in the center of the s 
intake /outlet tank group. ^ _^ 

,n the laminated heat ^^^^^^if"!;^^ !^ 
desaibed above, heat exchanging 
irSance. fromtheone intake/ outlet porfon .nto theunk 
subgroJpsatbothendsoftheintake/outlettankgroup. »o 
^en^^els upwards from the intake / outlet tank sub 
r^ups at both%nds through heat e^*^"^"^^^ 
oas^ge groups at both ends. It then travels downward 
Kh t^e heat exchanging "tedium passage groups^ 
Tnd the two flow paths of the heat exchanging med^m is 

flow separately into the left tank sub group and the nghl 

S si group of the non intake 

two flow paths of the heat exchanging medium then trav^ 

J^Kmthosetanksubgrot^sthroughthetwoheat 

S^ngingmedumpassagegroupsinthecerterw^^^ 20 

throuifTthe two heal exchanging '^^^^^^^^ 
groups to reach the central tank sub groi,3 of the mteke 
/ outlet tank group to be joined, before flow.ng out from ^ 
the other intake /outlet portion. 

Yet another example of the lam«nated hea 
exchanger which achieves a Improved distributon of 

£re=fchanging medium l<^'^tm^J!^ 
tube elements, each of which is formed by fmingtogemer 
tv.0 formed plates, with a pair of tanks at one end anda 30 
Teat exchanging medium passage co-r^^u"^^^^^^^ 
between the pair of tanks, alternately with lins over a plu- 
Sofl-els' with an intake/outlet tankgrouppr^^^^ 
wiS^«Ttake/outletportionsandanor,intake/ou,le^^te^^ 
group which forms a pair with the ntake / f^^^l^^ 
JrouS formed separately by the lamination of the tanks 
and a passage formed between the .ntake / o^e« ^^"^ 
JmuS and the non intake / outlet lank group. The intake 
?::i'et tank group is divided into two tank sub^^^^^^^^ 
with a non communicating portion provided at a^ro^ 
• mately the center in the direction of lamination, while the 
. ncSTn'ike/outlettankgroupconstitutesonetankg^^^^^ 
iTd, is in communication thn,UBhout.with ^partbo^^^^ 
A pair of intake / outlet portions are provided in close 
pridmity across the non communicating portion at 45 
a^rox^Ltelythecenterol.heintake/<^Iet^^^^ 
and the intake / outlet portions are each co"^*^"?*' 
one with the lube element or <»"^.»^«^*«P^*'' '^'^ 
the tube element with a 2-way split pipe, with atleast^e 
wake side of the intake / outlet portions m <=^"^^; 
tion wilh a tank away from the non comnrxinicating por- 
tion via a relay pipe provided within the passag e. 

terti^ted heat exchanger structured as 
desaibed above, heat exchanging medium which f lov« 
?nl^a.9h7n intake/ outlet porton constituted as one 55 

withatubeelementorconslitutedseparatelromfl^tub^ 

Tlement wilh a 2-way spHt pipe. «»^«" ^^^^^ '"^ 
the intake /outlet tank sub gr 

a also flows in from another direction via the relay pv^e 



so that it can travel through the entirety of the intake side. 
It then travels upward through the heat exchanging 
medium passage group which communicates with the 
intake side to reach the non intake / ouUet tank group. 
The heat exchanging medium then moves to the reman- 
ing tube elements in the norS intake / outlet tank group, 
travels upward through the heat exchanging medium 
passage group again to reach the intake / outlet tank 
^up and flows out from the intake / oullat portion on 

the outlet side. 



FIG 1 illustrates the overall structure of the lami- 
nated heat exchanger in the first embodiment 
according to the present invention; 
FIG. 2 illustrates the laminated heat exchanger 
above viewed from the end with the tanks; 
FIG 3 is a cross section of the laminated heat 
exchanger above through line II at the end with the 

Fice. 4 - 9 illustrate the formed plates used in the 
laminated heat exchanger above; 
FiGs 10A - 10H illustrate plates for intake / ouUet 
portion fonnatton which constitute the intake/outlet 
portions in the laminated heat exchanger aba^e; 
FIG 11 illustrates the flow of heal exchanging 
medium in the laminated heat e«hanger above; 
FIG 12 illustrates the laminated heat exchanger m 
a second embodiment according to the present 
invention, viewed from the end with the tante; 
FIG. 13 illustrates formed plates used m the lami- 
nated heat exchanger above; 
FIG 14 illustrates the flow of heat exchanging 
medium in the laminated heat exchanger above; 
FIG 15 illustrates the overall structure of the lami- 
nated heat exchanger which employs ^akf ' ^ 
portions stnjctured differently from those in the first 

^iS^emitrates the laminated heat exchanger 
above, viewed from the end with the tanks; 
FIGS 17A and 17B show the laminated heat 
exchanger in the third er^xxllment according to *ie 
present invention, with FIG. 17A showing the front 
view and FIG. 17B showring the bottom view: 
FiGs iSAandlSBshow f onnfied plates constituling 
the tube elements 66 used in the laminated heat 
exchanger shown in FlGs. 17A and 17B: 
FIGS 1 9A and 19B shows formed plates consWuttng 
the tube elements 67 used in the laminated heat 
exchanger shown in FIGS. 17A and 17B; 
RG 20A illustrates the ftow of heat exchanging 
medium in the laminated heat exchanger showmn 
FlS. 17A and 17B. and FIG. 20B illustrates Uie flow 
olreat exchanging medium effe^en the non 
communicating portion 76 is 8t*)stiluted with the 
intake / outlel porfion 40a; 

FIGS. 21 A and 21B show another mode of the lam- 
inated heal exchanger in the third embodj-^ej wrth 

FIG. 21 A showing the bottom view and FIG. 21 B 
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showing members constituting the Intake / outlet 
portions, and 

FIG. 22 shows yet another mode of the laminated 
heat exchanger in the third embodiment 

The following is an explanation of the embodiments 
according to the present invention in reference to the 
drawings. 

FIQs. 1-11 show the first embodiment of the lami-. 
nated heat exchanger 1 according to the present inven- 
tion. 

As shown in FIGs. 1 and 2. this laminated heat 
exchanger 1 is constituted by laminating a plurality of 
types of tube elements 4. 5. 6. 7. T. 8 and 9 and corru- 
gated fins 1 0 alternately over a plurality of levels (21 lev- 
els, for instance). The core of the heat exchanger is 
formed by providing the second tube element 5 between 
the laminated first lube elements 4 at the seventh from 
the center, providing the third tube element 6 at the sec- 
ond place counting toward the center from the second 
tube element 5. and providing the fourth tube element 7. 
the sixth tube element 8 and the fifth tube element 1\ 
located fourth, fifth and sixth respectively from the center 
toward the left. At the same time, a seventh tube element 
9 and an end plate 2 or 3. are provided at each end in 
the direction of the lamination . 

Plates for intake / outlet portion formation 41 , 42, 43 
and 44 which constitute intake / outlet portions 40a, 40b 
to be explained later, are provided between ^e fourth 
tube element 7and the sixth tube element 8 and between 
the sixth tube element 3 and the fifth tube element 7\ 

The first tube element 4, the second tube element 
5. the third tube element 6. the fourth tube element 7. 
the fifth tube element 7*, the sixth tube element 8 and the 
seventh tube element 9 are alt approximately rectangular 
and the first tube element 4 is constituted by adjoining 
two formed plates 1 1 and 11. shown in FIG. 4. face-to- 
face at their brazing margins. 19 artd 19. 

The formed plates 1 1 which constituta the first tube 
element 4 are constituted of a clad material whose main 
constituent is aluminum, which is clad with brazing mate- 
rial. As shown in FIG. 4. each formed plate 1 1 is provided 
with a pair of distended portions for tank formation 13a 
and 14a located toward one end in the direction of the 
length, each ol which, in turn, is provided with a commu- 
nicating hole 12. A projection 15 extends from approxi' 
mately the center between the cfisterKled portions for 
tank formation 1 3a and 1 4a toward the non tank side and 
a distended portion for passage formation 16, which is 
formed approximately U-shaped and which communi- 
cates with the distended portions for lank formation 13a 
and 14a. is formed arourxl the prpiection 15. In addition. 



4. a pair of tanks 13 and 14 are formed, constituted of 
the distended portions for tank formation 13a and 14a 
which face opposite each other Toward the inside, a heat 
exchanging medium passage 20. which is approximately. 

5 U-shaped, is constituted with tvvo of the distended por- 
tions for passage formation IS.fadng opposite each 
other. The tank 1 3 and the tank 1 4 communicate via the 
heat exchanging medium passage 20 and between the 
tank 13 and the tank 14. a groove 21 is constituted with 

ro the indented portion 1 8. 

The second tube element 5. which is provided at a 
position that is third from the end plate 2 of the laminated . 
heat exchanger 1. is constituted tsy binding a formed 
plate 25, shown in FIQ. 5. and a formed plate 26. shown 

/5 in FIG. 6, abutted flush to each other. 

The formed plate 25 is similar to the formed plate 1 1 
in its basic form and material. However, it does not have 
the indented portion 1 8 between its distended portion for 
tank formation 1 3a' and its distended portion for tank for- 

20 mation 14a. Instead, the distended portion for tank for- 
mation 13a', which is provided with a fitting hole 27 for 
fitting a relay pipe 60 and a comnnunicating hole 12. dis- 
tends into the area where the indented portion would oth- 
erwise be. to form an elongated circular shape. The other 

25 formed plate 26. too. is similar to the formed plate 1 1 in 
its basic form and material. However, it also does not 
have an indented portion. Instead, the distended portion 
for tankfonrtation 13a-. which is provided with a commu- 
nicating hole 12. distends to the area where the indented 

30 portion would oth erwise be. to for m an elongated circular . 
shape. 

The second tube element 5 is constituted by sdxitting 
the formed plate 25 and the formed plate 26 flush to each 
other, and toward its lower end, the tanks 14 are formed 

35 from the distended portions for tank formation 14a and 
14a which face opposite each other. At the same time, a 
tank 1 3' is constituted from the distended portion for tank 
formation 13a* of the formed plate 25 and the disterxled 
portion for tank formation ISa" of the formed plate 26. 

40 Note that the fitting hole 27 of the tank 1 3' opens toward 
a passage 35. to be explained later. 

The third tube element 6. wfiich is provided at a posi- 
tion that is second toward the center from the second 
tube element 5, is constituted by borxltng the formed 

45 plate 1 1 shown in FIG. 4 abutted flush to a formed plate 
28. shown in FIG. 7. whose disterxied portion for tank 
formation ISa"* is rrot provided with a communicating 
hole 12 but only with a shallow impression. 

The third tube element 6 is constituted by abutting 

50 the formed plate 28 and the formed plate 1 1 flush to each 
other, and toward its tower end. a lank 14 is formed from 
the disterxied portions tor tank formation 14a and 14a 




tion 14a. 

The first tube element 4 is constituted by bonding 
the two formed plates 1 1 described above, abutted to 
each oth rfhish. Toward one erxf of the first tube element 



formation 13a" of the formed plate 28. With this, since 
the communicating holes 12 do not communicate 
between thefirsttube elements 4 and 4 which darnp the 
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third tube element 6. heat exchanging medium does not 
flow through. 

The fourth tube element 7. which is provided at a 
position thai is fourth towand the end plate 3 from the 
central tube element 4, is constituted by bonding flush to 
each other the formed plate 1 1 , shown in FIG. 4, and a 
formed plate 30, shown in FIG, 8, which is provided with 
a communicating hole 1 2 arxi a flat plate portion 1 3b that 
does not have a distended portion for tank formation. 

The fifth tube element 7\ which is provided at the 
sixth position toward the end plate3 from the central tube 
element 4. is constituted l>y bonding flush to each other 
the formed plate 1 1 shown in Fia 4 and a formed plate 
31 . shown in FIG. 9. which is provided with a communis 
eating hole 1 2 and a flat plate portion 1 3b that does not 
have a distended portion for tank formatiqn. In other 
words the fifth tube element 7* is a mirror image of the 
fourth tube element 7. 

The fourth tube element 7 is constituted by bonding 
the formed plate 30 and the formed plate 1 1 flush to each 
other and the fifth tube element T is constituted by bond- 
ing the formed plate 31 and the formed plate 1 1 flush to 
each other. As shown in FIG. 2. half -tanks IS"* are 
formed in the fourth tube element 7 and the fifth tube ele- 
ment T. 

The sixth tube element 8. which is provided between 
the fourth tube element 7 and the fifth tube element T is 
constituted by t)onding the formed plate 30 and the 
formed plate 31 flush to each other. 

By bonding these formed plates 30 and 31 flush to 
each other, a straight flat plate 32, which is provided with 
no tanks but is provided only with a comnnunicating hole 
12. is formed toward the front surface in the direction of 
the air flow at the sixth tube element 8, as shown in FIG. 
2. 

Note that the seventh tube element 9 is constituted 
by blocking off the formed plate 1 1 with a flat plate. 

Ccnsequentiy, when the core of the heat exchanger 
is formed by laminating the first tube elements 4, the sec- 
ond tube element 5. the third tube element 6, the fourth 
tube element 7, the fifth tube element T and the sixth 
tube element 8 alternately with the f bis 1 0 over a plurality 
of levels, and by providing the seventh tube element 9 
and the end plates 2 and 3 at the two erxJs. a passage 
35 that extends in the direction of the lamination is 
formed and also, tvo spaces, to be explained below, 
which endose two intake / outlet portions 40a. 40b are 
formed. 

The intake / outlet portions 40a and 40b are consti- 
tuted by bonding together the four plates for intake / out- 
let portion formation 41. 42. 43 and 44, which form an 
approximate L-shape, in that order in the direction of the 
lamination. As shown in FIGs. lOAand 108, the plate for 
ifttake / outlet portion formation 41 is provided with a dis- 
tended portion for passage formation 45 that is. in turn, 
provided with a communicating hole 12 located toward 
the bottom portion to connmunicate with the communi- 
cating hole 1 2 of the fourth tube element 7 and it is also 
provid ed with a brazing margin 46 to come in contact with 



the plate for intake / outlet portion formation 42 at its 
peripheral edge. 

. The plate for intake / outlet portion formation 42 is 
formed approximately symmetrically to the plate for 
5 intake / outlet portion formation 41 as shown in FIGs. 1 0C 
and 10D. except that its distended portion for passage 
formation 47 becomes deeper toward the top and 
another communicating hole 48 is formed toward the 
upper end of the distended portion for passage formation 
47. 

A heat exchanging medium passage 53 is formed 
when the plate for intake / outlet portion formation 41 and 
the plate for intake / outlet portion formation 42 are abut- 
ted flush to each other. This heat exchanging medium 
/5 passage 53 has a width which allows its lower end por- 
tion to fit between the fourth tube element 7 and the sixth 
tube element 8 while its upper end portion distends 
toward the end plate 3 rather than toward the sixth tube 
element 8. 

20 The plate for intake / outlet portion formation 43, as 
shown in FiGs. 10E and 10F. is provided with a distended 
portion 50 with an intake / outlet hole 49 and a distended 
portion for passage formation 52 with an intake / outlet 
hole 51 . At the lower end of the distended portion for pas- 

25 sage formation 52. a communicating hole 12" is pro- 
vided, which comrmjnicates with the communicating 
hole 12 of the fourth tube element 7. 

As shown in FIGs. 1 0G and 1 0H. the plate for intake 
/ outlet portion formation 44 is an approximately flat plate, 

20 which blocks off the distended portion for passage for- 
mation 52 of the plate for Intake / outi et portion formation 
43. The plate for intake / outlet portion formation 44 is 
provided with a comnrunicating hole 48 for communicat- 
ing between the intake / outlet hole 49 of the plate for 

55 intake / outlet portion formation 43 and the communicat- 
ing hole 48 of th e plate tor intake / outlet portion formation 
42. and a fitting hole 57, into which the relay pipe to be 
descn*bed below, is fitted. However, it is not provided with 
a communicating hole 12. 

AO A heat exchanging medium passage 54 is formed 
when the plate for intake / outlet portion formation 43 and 
the plate for intake / outlet portion formation 44 are 
txsnded flush to each other. This heat exchanging 
medium passage 54 has a v^dth which allows its lower 

45 end portion to fit between the sixth tube element 8 and 
the fifth tube element 7. 

Consequently, when the intake / outlet portions 40a 
and 40b are assembled, the intake / outlet hole 49. the 
distended portion 50 and the heat exchanging medium 

so passage 53 communicate with the tank 13"* of the fourth 
tube element 7, and the intake / outlet hole 51 and the 
heat exchanging medium passage 54 communicate with 
th e tank 1 3 " of the fifth tube element 7\ Note that a block- 
type mounting plate far an expansion valve (not shown) 

55 can be connected on the side where the intake / outlet 
holes 49 and 51 of the intake / outlet portion 40a are pro- 
vided. 

In the structure d scnbed above, the laminated heat 
exchanger 1 is divided by the s parated tanks 13 and 
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1 4, into an intake / outlet tank group 1 00 and a non intake 
/ outlet tank group 200. The intake / outlet tank group 1 00 
is further divided into three tank sub groups A, B and C 
by the third tube element 6 which is provided with a non 
communicating portion and the plate for intake / outlet 
portion formation 44. Note that the non intake / outlet 
tank group 200 constitutes one tank group with alt the 
tanks 14 communicating with one another. 

As a result, since the intake / outlet tank group 100 
is divided into three portions and the non intake / outlet 
tank group 200 is in communication throughout, the heat 
exchanging medium passage Is also divided into three 
heat exchanging medium passage sub groups E, F and 
G. By ^ving the laminated heat exchanger 1 such a split 
structure, heat exchanging medium flowing in from the 
intake / outlet hole 51 travels through two major flow 
paths. 

The first flow path for the heat exchanging medium 
has the heat exchanging medium flowing in from the 
intake / outlet hole 51 arxJ then being sent from the heat 
exchanging medium passage 54 to the tank sub group 
A. which is partitioned by a great number of first tube 
elemerrts 4 and the plate for intake / outlet portion forma- 
tion 44 of the intake / outlet tank group 100. In this first 
path, the heat exchanging medium then travels upward 
through the heat exchanging medium passage sub 
group E of the first tube elements 4 constituting the tank 
sub group A. Then it travels downward before reaching 
the left end of the non intake / outlet tank group 200. 
Since this non intake /outlet tank group 200 constitutes 
one tank group, the heat exchanging medium that has 
flowed in, travels inside the tanks to reach the center, 
and then frcm the tank group between the third tube ele- 
ment 6 and the sixth tube element 8. travels upward 
through the heat exchanging medium passage sub 
group R It then travels downward before reaching the 
tank sub group B of the intake / outlet tank group 100. 
The tank sub group B is provided with the intake / outlet 
hole 49 of the intake / outlet portion 40b and the heat 
exchanging medium flows out through this intake / outlet 
hole 49. 

New, the flow of heat exchanging medium through 
* the second flow path has the heat exchanging medium 
flowing in from the intake / outiat hole 51 , and then trav- 
elling through the relay pipe 60 from the heat exchanging 
medium passage 54 to enter the tank sub group C which 
is partitioned by the third tube element 6. The heat 
exchanging rriedium that has entered the tank sub group 
C first travels upward and then downward through the 
heat exchanging medium passage sub group G, and 
reaches the right end of the non miake / outHei tank group 
200. The heat exchanging medium which has thus 



the intake / outlet hole 49. This means that the flow of 
heat exchanging medium constitutes a so-called &pass 
flow. 

While the explanation has been given with the. 

5 assumption that the heat exchanging medium flows in 
through the intake / outlet hole 51 and out through the 
intake / outlet hole 49. the flow is not limited to that direc- 
tion. The heal exchanging medium may errter through 
the intake / outlet hole 49 and flow out through the intake 

10 / outlet hole 51. In that case» the fkaw of the heat exchang- 
ing medium will run in the opposite direction from the 
an-owsin FIG. 11. 

Next, as a second embodiment of the present inven- 
tion, the laminated heat exchanger 1 which is structured 

IS so that the two flows of heat exchanging medium run 
separately from beginning to end. effected by using an 
eighth tube element 58. is explained in reference to FlGs. 
12-14. Note that the structures of the first through sev- 
enth tube elements, the end plates, the intake / outlet 

20 portions and the relay pipe are identical to those 
described earlier, and that the same reference numbers 
are assigned to them. Therefore, their explanation Is 
omitted here. 

As shown in FIG. 12. the eighth tube element 58 is 

25 provided, for Instance, at a central position in the direc- 
tion of lamination, and is structured by bonding the 
formed plate 1 1 , shown in FIG. 4, and a formed plate 56, 
shown in FIG. 13. flush to each other. 

The formed plate 56 is provided in such a manner 

30 that it is positioned at the center in the direction of lami- 
nation of the laminated heat exchanger 1 and its basic 
form is similar to that of the formed plate 1 1 except that 
it is provided witii no communicating hole 12 at the cfis- 
terxJed portion for tank formation 14a but is provided with 

35 a shallow impression. In other words. It is a mirror image 
of the third tube element 6 described earlier. 

The eighth tube element 58 is constituted by abut- 
ting the formed plate 56 and the formed plate 1 1 flush to 
each other, and toward its lower end, the tanks 13 are 

40 formed from tiie distended portions for tank formation 
13a and 1 3a. which face opposite each other and a blind 
tank 1 4' is constituted from the distended portion for tank 
formation 14a of the formed plate 11 and the distended 
portion for tank formation 14a' of the formed plate 56. 

45 With this, since the communicating holes 1 2 do not com- 
municate between the first tube elements 4 and 4, which 
clamp the eighth tube element 58. the non intake / outlet 
tank group 200 is divided into two parts and the heat 
exchanging medium does not flow between the tank sub 

50 groL4>s H and J. 

With the structure described above, in addition to the 
structural features of the laminated heat exchanger 1 fn 




earlier and. together, they travel first upward and then 
dCMmward through the heat exchanging medium pas- 
sage sub group F befae reaching the tank siib group 13 
of the intake / outlet tank group 100, to flow out through 



Consequently, the heat exchanging medium passage 
group F is divided into two heat exchanging medium pas- 
sage sub groups Fi and Fz to ensure that the two flows 
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Of the heat exchanging medium flow entirely separately 
until the end. 

The first flow path for heat exchanging medium has 
the heat exchanging medium flowing in from the intake / 
outlet hole 51 and then being sent from the heat 
exchanging medium passage 54 to the tank sub group 
A, which is partitioned by a great number of first tube 
elements 4 and the plate for intake / outlet portion forma- 
tion 44 of the intake / outlet tank gro\jf) 100. In this first 
path, the heat exchanging medium then travels upward 
through the heat exchanging medium passage group E 
of the first tube elements 4 constituting, the tank sub 
group A and then it travels downward before reaching 
the left end of the non intake / outlet tank group 200. The 
non intake / outlet tank group 200 is partitioned by the 
eighth tube element 58 and the heat exchanging medium 
travels upward from one of the tank sub groups H through 
the heat exchanging medium passage sub group Fi then 
downward to reach the lank sub group B of the intake / 
outlet tank group 1 00. The heat exchanging medium that 
has reached the tank sub group B then flows out through 
the intake / outlet portion 40b, 

rtow. the flow of heat exchanging medium through 
the second flow path has the heat exchanging medium 
flowing in from the intake / outlet hole 51 . and then trav- 
elling through the relay pipe 60 from the heat exchanging 
medium passage 54 to enter the tank sub group C. which 
is partitioned by the third tube element 6. The heat 
exchanging medium that has entered the tank sub group 
C then travels first upward and then downward through 
the heat exchanging medium passage group G, and 
enters the tank sub group J at the right end of the non 
intake / out! et tank group 200. Once out of the tank sub 
group J. the heat exchanging medium travels upward 
and then downward through the heat exchanging 
medium passage group F2 before reaching the tank sdb 
group B of the intake / outlet tank group 100. where it 
joins the first flow of the heat exchanging medium 
described earlier to flow out through the intake / outlet 
portion 40b. In this manner, a so-called 8-pass flow is 
effected. 

Note that, while, in this embodiment too. the heat 
exchanging medium flows in through the intake / outlet 
hole 51 and out through the intake / outlet hole 49, the 
flow path is not limited to that direction. The heat 
exchanging medium may enter through the intake /outlet 
hole 49 and flow out through the Intake / outlet hole 51 . 
Ir that case, the flow of the heat exchanging medium will 
run in the opposite direction from the arrows in FIG. 14. 

Furthermore, the intake / outlet portions 40a arxJ 
40b described earlier do not necessarily have to be con- 
stituted by bonding the plates for intake / outlet portion 
formation 41. 42, 43 and 44 in that order. Although not 
shown in th e figures, the intake / outlet portions 40a and 
40b with the plates for intake / outlet portion formation 
41 * through 44' which are actually the plates for intake / 
outlet portion formation 41 through 44 facing the oppo- 
site direction, may be used. Note that the structure is 
identical to that disclosed in the first embodiment except 



for the assembling direction of the intake / outlet portions 
40a and 40b. The sam reference numbers are assigned 
to. identical parts and their explanation is omitted. 

Moreover, instead of assembling the four plates for 
5 intake / outlet portion formation 41 through 44 for the 
intake / outlet portions 40a and 40b. separate irrtake / 
outlet portions may be structured, as shown in FIQs. 15 
and 16, i.e., an intake / outlet portion 61a. formed by 
bonding the plates for intake / outlet portion formation 62 
10 and 63 flush to each other and an intake / outlet portion 
61b formed by bonding the plates for intake / outlet por- 
tion formation 64 and 65 flush to each other. In that case, 
the intake / outlet portion 61b must have an extended 
end projecting to the passage 35 to accommodate bond- 
15 ing to the relay pipe 60 and also must have a f itting hole 
toward the relay pipe though this is not illustrated. 

The other embodiment of the present inventton is 
shown in FIG. 17. In this laminated heat exchanger 1, 
the core of the heat exchanger is formed by laminating 
20 the tube elements 4. 5', 66 and 67 alternately with cor- 
rugated fins 10 over a plurality of levels with the tube ele- 
ments 66 and 67 provided at approxinnately the center in 
the direction of lamination arxi end plates 2 and 3 pro- 
vided at the two ends in the direction of the lamination. " 
25 As explained earlier, the tube element 4 is consti- 
tuted by bonding two formed plates 1 1 , shown in FIG. 4, 
flush to each other. The formed plates 68 and 69. con- 
stituting the tube element 66. which is provided with one 
of the intake / outlet portions, have one of the distended 
30 portions for tank formation 70 extending in the opposite 
direction from the other distended portion for tank forma- 
tion 71 with its end bent upward and opening as shown 
in FIGs. 18A and 18B. As a result this tube element 66 
is provided with a tank portion that is the same size as 
35 that in the tube element 4 described earlier, and another 
tank portion with an intake / outlet portion 40a formed as 
part of it in the direction of the air flow. In addition, the 
tank portion provided with the intake / outlet portion 40a 
IS expanded so that it is in close proximity with the other 
40 tank portion that forms a pair with it. and in one of the 
formed plates, i.e., formed plate 68, a fitting hole 27 is 
formed, for connecting a relay pipe 60 to the expanded 
distended portion for tank formation 70. Note that all 
other aspects of its structure, i.e., the distended portion 
45 for passage formation 16 formed continuously from the 
distended portions for tank formation 70 and 7 1 . the pro- 
jection 15 formed extending from between the distended 
portions for tank formation through the vicinity of the 
other end of the formed plate and the like, are identical 
so to those of the formed plate 11. shown In FIG. 4, and so 
their explanation is omitted. 

Now. the tube element 67 is formed by tending 
formed plates 72 and 73. shown in FIGs. 19A and 19B 
respectively, facing opposite each other. In each formed 
55 plate, the distended portion for tank formation 74. 
extends out toward the opposite direction from the other 
distended portion for tank formation 75 with its end open- 
ing upward in the figure and the intake / outlet portion 
40b is formed as a part of it along the direction of the air 



7 



07/02/2001 



10:26:07 Seite -7- 



13 



EP 0 698 773 A1 



14 



flow of the tube element This intake / outlet portion 40b 
is on the same side as the intake / outlet portion 40a of 
the tube element 66 and, as described earlier, all other 
structural aspects of the formed plates 72 and 73 are 
identical to those of the formed plate shown in FIQ. 4. 

These tube elements 66 and 67 are provided on both 
sides over the non communicating portion 76, which is 
formed at approximately the center of the Intake / outlet 
tank group 1 00 and. consequently, the two intake / outlet 
portions 40a and 40b are provided in close proximity to 
each other at approximately the center in the direction of 
the lamination. Also, a washer 77 which is clad on both 
surfaces is externally fitted at the end of each of the 
intake / outlet portions 40a and 40b. arxi via these wash- 
ers 77, a mounting plate 78 for mounting a block type 
expansion valve is mounted at the ends of both intake / 
outlet portions. 

A tube element 5* is provided toward the end of the 
tank group, as shown in FlQs. 17A and 17B. It is identical 
to the ti^e element that is constituted by bonding the 
formed plates shown in FIQs. 5 and 6 flush to each other 
except that af itting hole 27 is provided in the formed plate 
on the opposite side. 

Each end of the relay pipe 60. which is provided in 
the passage between the lank sub groups, is bonded into 
either the fitting hole 27 of the tube element 66 or the 
fitting hole 27 of the tube element 5* and the tanks toward 
the intake / outlet tank group of the tube elements 66 and 
5* communicate via the relay pipe 60. 

As a result, in this structure, as shown in FIG. 20 A, 
some of the heat exchanging medium which has flowed 
in through the intake / outlet portion 40a on the intake 
side, travels from the tank portion of the tube element 66 
through the communicating hole 12, to flow into the 
intake side of the intake / outlet tank group 100 and the 
remaining heat exchanging medium travels through the 
relay pipe 60 and reaches a tank of the tube element 5*. 
which is far from the intake / outlet portion 40a (non conv 
municating portion 76). It then travels from this tank to 
flow Into the intake side of the intake / outlet tank group 
1O0 via the communicating hole 12. The heat exchang- 
ing medium that has thus flowed into the intake / outlet 
tank group then travels upward through the heat 
exchanging medium passage 20 and makes a U-turn to 
reach the non intake / outlet tank group. It then moves 
toward the remaining tube elements, travels upward 
through the heat exchanging medium passage 20. 
makes a U-turn again arxl then reaches the outlet side 
of the i ntake / outlet tank group before flowing out through 
the intake / outlet portion 40kx 

Consequently, although when the intake / outlet por- 
tions 40a and 40b are provided in dose proximity to each 



group, making it possibi to dispense the heat exchang- 
ing medium throughout the entirety of the tank sub group 
on the intake-side and to promote the distribution of the 
heat exchanging medium. 

5 Note that, while. In this emtjodiment the non com- 

municating portion 76 of the intake / outlet tank group is 
constituted by not providing a communicating hole 12 in 
the tube element 4 which is located between the intake 
/ outlet portions, or by blocking the communicating hole 

10 1 2 which is formed in that area, the non communicating 
portion may be constituted instead, for instance, as 
shown in FIQ. 20 B. by not forming a communicating hole 
12 in the^rmed plate 69 which constitutes the intake / 
outlet portion 40a on the intake side, or constituted with 

IS the tank, which is provided with the intake /outlet portion 
40a itself, while bfocking the communicating hole 12 of 
the formed plate 69. Moreover, the intake /outlet portion 
40b on the outlet side too, may communicate at two foca- 
tions effected by the relay pipe as in the case of the Intake 

so / outlet portion on the Intake skJe. Both sides being struc- 
tured identically in this manner can support the flow of 
heat exchanging medium in which the intake and the out- 
let are reversed. 

Heat exchanging medium can flow in at two separate 

ss locations on the intake side of the intake / outlet tank 
group in a structure shown in FIG. 21 A in which the intake 
/ outiet portions 40a and 40b are constituted with pipes 
80a and 80b provided between the tut>e elements, as 
well as in the sfa-ucture described above, in which the 

30 intake / outlet portions are formed as part of the tube ele- 
ments. 

Each of the pipes 80a and 80b is constituted by 
bonding two pipe forming members 81 , as shown in FIG. 
213. flush to each other. A communicating hole 12 tiiat 

3s communicates with adjacent tanks is formed in the base 
portion, which is enclosed between the tube elements, 
and the portion that extends out from the heat exchanger 
core in the direction of the air flow, is bent upward and 
opens. A mounting plate 78 for an expansion vaJva Is 

40 attached at its end via a washer. Also, the base portion 
of each pipe projects out between the tank groups and 
in the p)ipe 80a on the intake side, a mounting hole 27 
(indicated with the broken line in FIG. 218), in which the 
relay pipe 60 is bonded. Is formed in this projected por- 

45 tion. 

The relay pipe 60 is connected into the fitting hole 
27 of the pipe 80a and the fitting hole 27 of the tube ele- 
ment 5* so that the heat exchanging medium ffowing in 
through the intake / outlet portion 40a can flow in from 
so two locations as in the case of the embodiment descnlsed 
earlier. 

Yet another structural possibility is shown in FIG. 22, 




and not toeing supplied toward the end, at least on the 
intake side, the heat exchanging medium flows in 
through two locations. i.e., near the non comnnunicating 
portion 76 and toward the end of the intake / outlet tank 



tube. To be more specific, the intake / outlet portion 40a 
on tile Intake skie may be constituted by combining two 
split members to achieve a pipe-like form and the base 
end portion of th pipe 81 is f 3ted in such a manner that 
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it is clanped by the tub elements adjacent to it. This 
base portion and the adjacent tanks are nnade to com- 
municate via the communicating hole as necessary. The 
base portion, which is mounted between the tube ele- 
ments, has a different structure from that shown in FIQs. 
21 A and 21 B. Its length matches the width of the core 
main body in the direction of the airflow. As a result no 
distended portion for tank fbrnnation Is formed in the area 
where the pipe 81 is mounted, in contrast, the intake / 
outlet portion 40b on the outlet side has a structure that 
is identical to that of the tube element 67 used in the 
intake / outlet portion 40b, shown in FIQs. 17A and 17B. 

In these other structures, too, since the heat 
exchanging medium that flows in through the relay pipe 
60 is sent to the vicinity of the end of the tank sub group, 
at least on the intake skie of the intake /outlet tank group 
100. as in the case of the embodiment shown in FIQs. 
17A and 178. distribution of the heat exchanging 
medium is effective and an Improvement In heat 
exchanging efficiency can be achieved. 

As has been explained, according to the present 
invention, a six- or eightiDassf low of the heat exchanging 
medium is formed overall, and the heat exchanging 
medium is made to flow along two separate paths from 
the intake to the outlet. As a result the area where the 
heat exchanging medium flows is expanded compared 
to the 4 -pass flow system in the prior art ensuring that 
the heat exchanging medium reaches every part of the 
laminated heat exchanger, improving the heat exchang- 
ing effidency and, as a result enhancing the perform- 
ance of the heat exchanger. 

/Mso. according to the present inventksn. even when 
constituting a 4-pass flow system, the intake / outlet por- 
tions are each structured wHh a 2-way split pipe that is 
formed as part of the tube element or as a part separate 
from the tube element, to ensure that the heat exchang- 
ing medium that flows in from the intake / outlet portion 
flows directly into the intake / outlet tank group while heat 
exchanging medium flows in from another location as 
well, via the relay pipe. Consequently, the heat exchang- 
ing medium that has flowed in can spread through the 
entirety of the intake / outlet tank group on its intake side 
and with the heat exchanging medium flowing to every 
corner of the heat exchanger, the heat exchanging effi- 
dency is improved. 

Claims 

1 . A laminated heat exchanger oonstrtuted by laminat- 
ing tube elements, each of which is constituted by 
fitting together two formed plates, and is provided 
with a pair of tanks at one end and a heat exchanging 
medium passage that communicates between said 
pair of tanks, alternately with fins over a plurality of 
levels, with pairs of tanks formed by lamination to 
constitute separate tank groups, namely, an intake / 
outlet tankgroup and a non intake/outlet tankgroupi 
characterized in that; 

said intake / utiet tank group Is further 



divided into three tank sub groups by two non com- 
municating portions. 

said non intake / outlet tank group is single, 
tank group that is in communication throughout, with 
5 no partitions, 

one intake / outlet portion is provided In one 
of said three tank sub groups that is located at one 
end of said intake / outlet tank group, and Is con- 
nected to the tankgroup at the other end via a means 
10 for relay, and 

another intake / outlet portion is provMed In 
the central tank sub group in said intake / outlet tank 
group. 

N 

IS 2. A laminated heat exchanger according to claim 1 
wherein: 

said one intake / ouHet portion arxi saki 
another intake / outlet portion are each constituted 
by bonding two roughly L-shaped plates for intake / 
20 outlet portion fornnation and by providing said plates 
thus bonded between said tube elements in sakj 
intake / outlet tank group so that they are damped. 

3. A laminated heat exchanger according to claim 1 
25 wherein; 

said one intake / oudet portion and said 
another intake / outlet portion are adjacent to each 
other, 

in said one intake / outlet portion, two intake 
30 / outlet holes, through which heat exchanging 
medium flows in and out. and a heat exchanging 
medium passage for indudng said heat exchanging 
medium to said tanks from an intake / outlet hole on 
the coolant inflow side are formed, and 
35 In said another intake / outlet portion, a com- 

municating hole that comnnunicates with said intake 
/ outlet hde on said coolant outflow side which is 
formed in said one intake / outlet portion and a heat 
exchanging medium passage for inducing said heat 
40 exchanging medium from said tanks to said commu- 
nicating hole are formed. 

4. A laminated heat exchanger according to claim 1 
wherein; 

45 separate flow paths of said heat exchanging 

medium flow into said tank sub groups at both ends 
in said intake / outlet tank group from said one intake 
/ outlet portion, then travel upward through heat 
exchanging medium passages of tube elements 

so constituting said intake / outlet tank group at both 
ends, then travel downward through sakI heat 
exchanging medium passages and are joined at 
said non intake / outlet tank group to travel upward 
through heat exchanging medium passages of tUbe 

55 el ements constituting the center of said non intake / 
outlet tank group and then downward through said 
heat exchanging medium passages before reaching 
said central tank sub group of the intake / outlet tank 
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group and flowing out ffr m said another intake /out- 
let portion. 

5. A laminated heat exchanger constituted by laminat- 
ing tube elements each of which is constituted by 5 
fitting together two formed plates and is provided 
with a pair of tanks at one end and a heat exchanging 
medium passage that communicates between said 
pair of tanks, alternately with fins over a plurality of 
levels, with pairs of said tanks formed to constitute io 
separate tank groups, namely, an intake /outlet tank 
group and a non intake / outlet tank group, charac- 
teri^ in that; 

said intake / outlet tank group is further 
divided into three tank sub groups by two non conv is 
municating porjions, 

said non intake / outlet tank group is further 
divided into two tank sub groups by one non conv 
municating portion that is provided in the tube ele- 
ment located between said two non communicating so 
portions, 

one intake / outlet portion is provided in one 
of said three tank sub groups that is located at one 
end of said intake / outlet tank group, which is con- 
nected to the tankgroup at the other end via a means 2S 
for relay, and 

another intake / outlet portion is provided in 
the central tank sub group in said intake / outlet lank 
group. 

30 

6. A laminated heat exchanger according to claim 5 

wherein; 

said one intake / outlet portion and said 
another intake / outlet portion are each constituted 
by bonding two roughly L-shaped plates for intake / 3S 
outlet portion formation and by providing said plates 
thus bonded between said tube elements in said 
intake / outlet tank group so that its clamped. 

7. A laminated heat exchanger according to claim 5 40 
wherein; 

said one intake / outlet portion and said 
another intake / outlet portion are adjacent to each 
other. 

in said one Intake / outlet portion, two Intake 45 
I outlet holes, through which heat exchanging 
medium flows In arxl out. and a heat exchanging 
medium passage for inducing said heat exchanging 
medium to said tanks from said intake / outlet hole 
on the coolant inflow side are formed, and so 

in said another intake / outlet portion, a com- 
municating hole that communicates with said intake 



8. A laminated heat exchanger according to claim 5 
wherein; 

separate flow paths of said heat exchanging 
medium flow into said tank sub groups at both ends 
in said intake /outlet tank group from said one Intake 
/ outlet portion, then travel upwand through heat 
exchanging medium passages of tube elements 
constituting said intake / outlet tank group at both 
ends, then travel downward through said heat 
exchanging medium passages, and 

said two flow paths of said heat exchanging 
medium run to the remaining tank sub group in said 
non intake / outlet tank group while still separated 
from each other, travel upward and then downward 
through said heat exchanging medium passage of 
the tiise elements that constitute said remaining 
tank sub group while still separated from each other, 
to reach saM central tank sub group of saM Intake / 
outlet tank group, and then said two flow paths of 
said heat exchanging medium are joined to flow out 
through said another intake / outlet portion. 

9. A laminated heat exchanger constituted by laminat- 
ing tube elements each of which is constituted by 
fitting together two formed plates and is provWed 
with a pair of tanks at one end and a heat exchanging 
mecfium passage that communicates between said 
pair of tanks, alternately with fins over a plurality of 
levels, with pairs said of tanks formed to constitute 
separate tank groups, namely, an intake / outlet tank 
group and a non intake / outlet tank group which 
forms a pair with said intake /outlet tank group, char- 
acterized in that; 

a passage is formed between said intake / 
outlet tank group and said non intake / outlet tank 
group. 

said intake / outlet tank group Is further 
divided into two tank sub groups by a non commu- 
nicating portion provided at approximately the 
center in the direction of lamination while saki non 
intake / outlet tank group constitutes a single tank 
group that is in communication throughout, with no 
partitions. 

a pair of intake / outlet portions are provided 
in close proximity to each other across said non 
communfcating portion at approximately the center 
of said intake / outiet tank group with said intake / 
outlet portiorts each constituted as a part of saki 
tube element or with a 2-way split pipe which Is sep- 
arate from said tube element, and 

at least, one of said intake / outlet portions 
located on the intake side communicates with tanks 




exchanging medium from saki tanks to said commu- 
nicating hole, are formed. 



10. A laminated heat exchanger according to claim 9 
wherein; 

heat exchanging medium flows in through an 
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intake / ouHet portion which is constituted as part of 
said tube element or constituted with a 2-way split 
pipe separate from said tube element with said heat 
^changing medium flowing directly from said intake 
/ outlet portion to said intake J outlet tank group on s 
the intake side while said heat exchanging medium 
also flows in through yet another location via said 
relay pipe, and after spreading through the entirety 
of said intake side, said heat exchanging medium 
passes through a heat exchanging medium passage /(7 
group which communicates with said intake side to 
reach said non intake / outlet tank group, then said 
heat exchanging medium flows to the remaining 
tube elements in said non intake / outlet tank^oup 
and travels upward through said heat exchartging is 
medium passage group again to reach said Intake / 
outlet tank group on the outlet side befbre flowing 
out through said intake / outlet portion on said outlet 
side. 
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FIG. 18 A 
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FIG.20A 
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